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Table  1.  Coated  Tlraycans  Tested 
Table  2.  Sumnaxy  of  Tests 


AC  IMPEDANCE  TESTING  OF  C3QATED  TRAYCANS 


INIRODOCITCTI 

This  is  the  filial  report  on  Oortest  Oolvnnbus  Technologies'  program 
entitled  "AC  Hipedanoe  Testing  of  Coated  Traycans",  performed  under  Natick 
Oontract  DAAI%0-90-1301.  Ihe  overall  objective  of  the  program  was  to  evaluate 
the  relative  resistance  of  several  candidate  coatings  prior  to  retorting  to  a 
solution  ocntedning  Nad  and  citric  acid  (simulating  a  sedine  acidic  food 
product)  using  the  AC  inpedance  technique.  An  additional  objective  of  the 
program  was  to  perform  an  initial  assessment  of  the  epplicability  of  the  AC 
iapedanoe  technique  as  a  quadity  assurance  technique  for  the  traycan  coatings. 

pRQcftiire 

a.  Apparatus.  Ihe  apparatus  used  by  Oortest  Oolxmbus  consists  of  a 
fpequenc^  response  analyzer  used  in  conjunction  with  a  potentiostat  connected 
to  a  microcopputer  for  data  anadysis  and  plotting.  For  the  Natick  oontract, 
the  test  cell  consisted  of  a  traycan  partitioned  into  three  areas  by  means  of 
dividers  and  foam  gaskets  to  represent  different  configurations  of  the  traycan 
surface.  Die  test  areas  were  filled  with  a  three  per  cent  solution  of  Nad  in 
deionized  water  aKijusted  to  a  pH  of  4-5  to  simulate  a  saline,  acidic, 
eiggressive  food  environment  such  as  a  tomato  paste.  The  tenperature  was 
ambient  and  conditions  were  aerobic.  The  cell  was  covered  with  plastic  film 
wrap  to  control  evaporation  (losses  were  made  \p  with  deionized  water) .  There 
were  seven  traycan  cells  set  ip  for  testing  at  one  time. 

b.  Ooatijyw*  The  coatings  studied  were  the  four  variables 

considered  in  the  Natick  Traycan  Improvement  Program  plus  the  current  traycan. 
They  represented  the  four  candidate  coatings  applied  on  0.75  tinplate  tzaycans 
and  the  current  traycan  made  of  coated  tin-free  steel  as  the  control.  A 
detailed  description  of  the  coating  variables  is  shown  in  Table  1.  For 
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'Cable  1.  Coated  Traycans  Tested 


Designation 

Exterior 

Base 

Interior 

Coat 

Coat 

Coat 

1.  Dexter  Matte  Sheet  (CMS)* 

Aluminum 

E^poxy 

Aluminum 

Vinyl 

Ebenolic 

Vinyl 

2.  Reliance  Matte  Sheet  (BM5)* 

Aluminum 

Clear 

Aluminum 

EJxjxy 

E^x»^ 

Vinyl 

3.  Valqpar  Matte  Sheet  (VMS)* 

Clear 

Clear 

Aluminum 

Epoxy 

Vinyl 

Vinyl^Ii^  Solids 

4.  vai^iar  Matte  Coil  (VMC)* 

Clear 

dear 

Aluminum 

E^x>xy 

Eixa>v 

Vinyl-«i^  Solids 

5.  Val^)ar  over  Tin  Free  Steel 

Clear 

dear 

White 

(Oontrol-Ctr) 

E^xy 

Epoxy 

Vinyl 

^in  Plate  Substrate  •*  90  lb  per  base  box  Electrolytic  Tin  Plate,  Matte  Finish, 
0.75/0.35  tin  wei^ts. 
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idoitlficaticsn  purposes,  candidate  coatings  were  designated  as  Dexter  Midland 
Matte  Sheet  (DMS) ,  Reliance  Matte  Sheet  (BMS) ,  Valqpar  Matte  Sheet  (VMS)  and 
Valspar  Matte  C3oil  (VMC) .  Ihe  control  was  designated  as  CIR. 
c.  Testing  sequence  was  as  follows: 

(1)  The  first  test  run  of  cells  consisted  of  duplicates  of  CIR  and  VMS 
coatings  and  one  each  of  CMS,  VMC  and  KMS  coatings.  After  1200  hours,  this  run 
was  intempted  to  allow  setting  ip  two  different  cells  (Run  #2,  Table  2) . 
CIRrl,  VM5-2,  and  RMS  coatings  were  teminated  to  provide  space  for  Run  #2 
coating  tests. 

(2)  The  second  test  run  of  shorter  duraticxi,  500  hours,  was 

on  a  third  ocxitrol  (CIR-3) ,  and  an  abraded  VMS  to  determine  the  effect  of 
sli^t  surface  mechanical  damage.  A  new  control  was  edso  tested  in  this  run, 
but  was  dropped  from  the  program  as  the  corrosion  resistance  was  infericn:. 

(3)  The  remaining  four  of  the  original  runs,  CIR,  VMS,  EMS,  and  VMC 
continued  to  be  tested  for  a  total  of  1900  hours.  Table  2  outlines  the  test 
sequence: 

Table  2.  Sunmary  of  Tests 

Run  *  Coating  IXiration  of  Test.  Hours 


CIR-1 

1200 

CIRr-2 

II 

VMS-1 

II 

vns-2 

II 

FMS 

II 

CMS 

It 

VMC 

II 

New  Control* 

500 

\MS-A}:»3ded 

500 

3 


cni-3 


Run  #1  cxntinued 


VMS-1 

1900  Total 

cm-2 

1900 

CMS 

1900 

VMC 

1900 

*  Drcpped  fron  program  due  to  poor  performance. 

d.  AC  Iitpedanoe. 

Test  Technique. 

A  series  of  small  AC  voltages,  less  than  20  millivolts,  were  zqpplied  to 
the  coated  specimen  by  means  of  a  platinum  counter  electrode.  Using  the 
potentiostat,  the  frequency  respcmse  aneilyzer  analyzed  the  corxei^xxident  leeKi 
or  log  angle  (phase  shift,  similar  to  power  factor)  and  the  AC  iitpedanoe 
(similar  to  DC  resistance)  at  each  frequency  of  applied  AC  voltage.  The 
cxitputer  was  fed  these  data  and  cedculated  the  iitpedanoe  or  resistance  at  each 
frequency  and  plotted  these  data  for  each  exposare  time  being  measured.  This 
is  called  a  Bode  plot  (Figure  1) .  Polarization  or  total  resistance  was 
obtedned  front  the  Bode  plot  determining  the  iitpedanoe  values  for  each 
measurement  at  the  low  frequency  liitiit  as  shown  in  Figure  1.  These  data  were 
plotted  versus  tixae  in  Figures  4-12  and  for  each  coating  in  Figures  13-15  for 
500,  1000  and  1500  hour  eiqxDsure  periods. 

RESUniS 

a.  Bode  Plots.  Figures  1-3  r^resent  the  Bode  plots  after  430  and  1872 
hcurs  on  two  cxsatings  tested.  A  Bode  plot  is  a  graph  of  the  log  of  Z,  the 
iitpedanoe  or  AC  resistance  versus  the  log  of  the  frequency  at  which  each 
measurement  was  made.  The  phase  angle  was  also  plotted  versus  frequency  in 
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Figures  1-3.  HCwev^,  these  plots  were  not  used  for  making  the  final 
oonclxisions.  As  stated  under  ''Procedure",  the  total  system  resistance,  the  low 
frequency  limit  for  the  polarization  resistance,  z,  was  obtained  for  each  Bode 
plot  representing  a  specific  coating  and  esqxssure  time.  This  extrapolation 
procedure  is  illiistrated  in  Figure  1. 

b.  Totad  Polarization  Resistance  versus  Time  Plots.  These  data  are  shown 
in  Figures  4-12  and  are  obtained  from  Bode  plots.  These  plots  show  the  change 
in  total  resistance  (oorre^xsnding  to  corrosion  resistance)  with  eaposure  time 
for  each  coating. 

c.  Total  Resistance  versus  Coating  Type  after  500,  1000,  and  1500  Hours 
Exposure,  Figures  13-15,  respectively,  illustrate  these  data  after  the  three 
time  periods.  These  data  were  obtained  from  the  plots  of  total  resistance 
versus  time. 

DISCUSSION 

The  objective  of  the  investigation  was  to  measure  the  overall  performanoe 
of  each  coating  by  means  of  measuring  the  overall  oorrosicxi  resistance  versus 
time  xising  the  AC  Inpedanoe  technique.  In  order  to  simplify  the  program, 
detedls  obtained  using  this  technique  such  as  the  Nyquist  plots  arxi  phase  angle 
versus  frequency,  vhich  are  useful  in  analyzing  sub-ccmpcxients  of  the  total 
resistance,  are  not  included  or  ccmisidered  herein.  These  subocnponents  are 
solution,  substrate,  and  pore  resistance.  Since  the  total  resistance  of  the 
system  to  corrosion  is  the  primary  quantity  of  interest,  cmily  this  information 
was  used  to  reach  the  ocviclusions. 

The  results  that  lead  to  the  follcwing  oonclusiQns  were  the  total 
resistance  versus  time  plots  (Figures  4-12)  and  the  conpariscai  of  the 
resistance  of  the  coatings  tested  after  various  exposures  times  (Figure 
13-15) .  These  data  show  that  the  VMC  coating  consistently  exhibited  the  best 
preretort  corrosion  resistance  of  the  coatings  evaluated,  ejdubiting  high 
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resist2UX3e  vedues  thrcu^iout  the  testing.  A  feill  in  resistance  versus  time  is 
indicative  of  coating  degradation.  VMC  e^diibited  only  a  sli^t  decrease  in 
resistance  after  1500  hours  of  es^xssure.  Ihe  CMS  and  VMS  coating  also 
perfanoed  well  in  the  testing.  Ihe  resistance  of  the  CMS  coating  eifter  500 
hours  was  ocnparable  to  that  of  the  VMC  coating,  but  the  CMS  coating  degraded 
somewtiat  faster  than  the  coating  thereafter.  Ihe  VMS  coating  esdiibited 
sontehtot  lower  resistances  than  the  VMC  or  CMS  coatings  and  slowly  degraded 
over  the  testing  period.  Ihe  rsDnaining  coatings,  FM5  and  Ocaitrol,  eadiibited 
lower  performance  than  any  of  the  tested  coatings  with  Ccntrol  shewing  the  most 
re^id  degradation.  As  anticipated,  the  abraded  VMS  coating  e^diibited  very  low 
resistances,  demonstrating  the  eiq^ected  values  for  a  conpletely  failed 
coating.  For  any  of  the  coatings,  oonparison  of  the  data  for  the  three 
oonpartments  indicates  that  there  was  no  measurable  effect  of  formed  comers  on 
coating  performance. 

VMC  was  considered  by  Central  States  Can  Co. ,  Massillcyi,  Chio  to  be  the 
best  of  the  coating  candidates  exc^}t  for  poor  adhesic^i  at  formed  comers  of 
the  traycan  body.  Ihe  next  best,  CMS,  did  not  eadiibit  poor  adhesion  at  the 
formed  traycan  comers. 

CONCmSICNS 

(1)  The  AC  Inpedanoe  technique  was  found  to  be  a  sensitive  technique  for 
measuring  coating  degradation  on  traycans. 

(2)  Of  the  coatings  analyzed,  the  VMC  coating  was  found  to  be  the  best 
performer,  follcwed  closely  by  the  CMS  and  the  VMS  coatings.  These  ccrclusions 
approximated  those  reached  in  the  Ross  r^xsrt^. 

(3)  The  Control  coating  was  found  to  be  the  poorest  coating,  of  the 
coatings  analyzed. 
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(4)  No  measurable  effect  of  fonning  the  comers  of  the  traycans  on  coating 
perfonnanoe  vras  found  in  the  study.  As  mentioned  above,  VMC  was  reported  to 
have  poorer  adhesion  at  the  formed  oomers  of  the  traycan  boc^  vAien  ocnpared  to 
CMS. 

(5)  Die  AC  Impedance  technique  is  pronising  for  quality  ccntrol  but 
further  research  is  needed  to  optimize  the  analysis  time  and  simplify  the  test 
technique. 

It  should  be  cautioned  that  the  preceding  conclusions  are  based  on  the 
long-^term  ambient  temperature  eiqiosures  and  do  not  consider  blistering  or 
coating  degradation  associated  with  the  hi^  tenperature  thermal  process  to 
vftiich  filled  and  sealed  traycans  are  subjected. 
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Fig.  A-1.  Bode  Plot  for  VMC  Coating  Aftar  430  Hours  of  Exposura 
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Fig.  A»2.  Bode  Plot  for  VMC  Coating  After  1872  Hours  of  Exposure 
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Pig.  A-3.  Bod«  Plot  for  Control  Coating  Aftar  1872  Hours  of  Exposura 
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Fig.  A*‘4.  Total  Resistance  as  a  Function  of  Tine  for  Control 

Coating  (CTR  1).  A  and  C  were  Comer  Conpartaents ,  B 
was  the  Center  Conpartaent. 
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Fig.  A-5.  Total  Raalatanca  aa  a  Function  of  Tina  for  Control 

Coating  (CTR  2) .  A  and  C  vara  Comar  Coapartaants,  B 
was  tha  cantar  coapartaant. 
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Fig.  A*>6.  Total  Resistance  as  a  Function  of  Tine  for  Control 
Coating  (CTR  3) .  A  and  C  were  Comer  Conpartnents, 
B  was  the  Center  Conpartaent. 
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Fig.  A-7.  Total  Resistance  as  a  Function  of  Tise  for  RMS 
Coating  1.  A  and  C  were  Comer  Coapartments, 

B  was  the  Center  Compartment. 
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Fig.  A~8.  Total  Resistance  as  a  Function  of  Tine  for  VMS 
Coating  1.  A  and  C  were  Comer  Compartnents , 

B  was  the  Center  Conpartnent. 
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Fig.  A-9.  Total  Rasistamca  as  a  Function  of  Tlaa  for  VKS 
Coating  2.  A  and  c  vara  Comar  Coapartaants, 

B  was  tha  Cantar  Coapartmnt. 
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Fig.  A-10.  Total  Resistance  as  a  Function  of  Tine  for 
Abraded  VMS  Coating.  A  and  C  were  Comer 
Conpartnents,  B  was  the  Center  Compartnent. 
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Fig.  A-11.  Total  Resistance  as  a  Function  of  Time  for  VMC 
Coating  1.  A  and  C  were  Comer  Conpartaents,  B 
was  the  Center  Coapartaent. 
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Fig.  A-12.  Total  Resistance  as  a  Function  of  Tine  for  IXfS 
Coating  1.  A  and  C  were  Comer  Compartnents,  B 
was  the  Center  Conpartnent. 
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Fig.  A**14.  Total  Resistance  for  Various  Coatings  after  1000 
Hours  of  Exposure. 


Fig.  A*X5.  Total  Rasiatance  for  Varioui 
Hours  of  Exposure. 
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